The present paper presents the detail discussion on estimation of population mean in simple random sampling in the presence of non-response. Motivated by Gupta and Shabbir (2008), we have suggested the class of estimators of population mean using an auxiliary variable under non-response. A theoretical study is carried out using two-phase sampling scheme when the population mean of auxiliary variable is not known. An empirical study has also been done in the support of theoretical results.
Introduction
The auxiliary information is generally used to improve the efficiency of the estimators. Cochran (1940) proposed the ratio estimator for estimating the population mean whenever study variable is positively correlated with auxiliary variable. Contrary to the situation of ratio estimator, if the study and auxiliary variables are negatively correlated, Murthy (1964) suggested the product estimator to estimate the population mean. Hansen et al. (1953) proposed the difference estimator which was subsequently modified to provide the linear regression estimator for the population mean or total. Mohanty (1967) suggested an estimator by combining the ratio and regression methods for estimating the population parameters. In order to estimate the population mean or population total of the study character utilizing auxiliary information, several other authors including Srivastava ( 1971) , Reddy (1974) , Ray and Sahai (1980) , Srivenkataramana (1980) , Srivastava and Jhajj (1981) and Kumar (2008, 2011) have proposed estimators which lead improvements over usual per unit estimator.
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It is observed that the non-response is a common problem in any type of survey. Hansen and Hurwitz (1946) were the first to contract the problem of non-response while conducting mail surveys. They suggested a technique, known as 'sub-sampling of nonrespondents', to deal with the problem of non-response and its adjustments. In fact they developed an unbiased estimator for population mean in the presence of non-response by dividing the population into two groups, viz. response group and non-response group. To avoid bias due to non-response, they suggested for taking a sub-sample of the non-responding units.
Let us consider a population consists of N units and a sample of size n is selected from the population using simple random sampling without replacement (SRSWOR) scheme. Let us assume that Y and X be the study and auxiliary variables with respective population means Y and X . Let us consider the situation in which study variable is subjected to nonresponse and auxiliary variable is free from the non-response. It is observed that there are 1 n respondent and 2 n non-respondent units in the sample of n units for the study variable.
Using the technique of sub sampling of non-respondents suggested by Hansen and Hurwitz When the information on population mean of auxiliary variable is not available, one can use the two-phase sampling scheme in obtaining the improved estimator rather than the previous ones. Neyman (1938) was the first who gave concept of two-phase sampling in estimating the population parameters. Two-phase sampling is cost effective as well as easier.
This sampling scheme is used to obtain the information about auxiliary variable cheaply from a bigger sample at first phase and relatively small sample at the second stage. Sukhatme (1962) used two-phase sampling scheme to propose a general ratio-type estimator. Rao In estimating the population mean Y , if X is unknown, first, we obtain the estimate of it using two-phase sampling scheme and then estimate Y . Under two-phase sampling scheme, first we select a larger sample of 
In the present paper, we have discussed the study of non-response of a general class of estimators using an auxiliary variable. We have suggested the class of estimators in twophase sampling when the population mean of auxiliary variable is unknown. The optimum property of the class is also discussed and it is compared to ratio and regression estimators under non-response. The theoretical study is also supported with the numerical illustrations.
Suggested Class of Estimators
Let us assume that the non-response is observed on the study variable and auxiliary variable provides complete response on the units. Motivated by Gupta and Shabbir (2008),
we suggest a class of estimators of population mean Y under non-response as 
Putting the values of * y and x form the above assumptions in the equation (2.1), we
On taking expectation of the equation (2.2), the bias of * t y to the first order of approximation is given by
Squaring both the sides of the equation (2.2) and taking expectation, we can obtain the MSE of * t y to the first order of approximation as
In the sequence of obtaining the best estimator within the suggested class with respect to 1  and 2  , we obtain the optimum values of 1  and 2  . On differentiating   * t y MSE with respect to 1  and 2  and equating the derivatives to zero, we have
Solving the equations (2.4) and (2.5), we get
Substituting the values of   
Suggested Class in Two-Phase Sampling
It is generally seen that the population mean of auxiliary variable, X is not known. In this situation, we may use the two-phase sampling scheme to find out the estimate of X .
Using two-phase sampling, we now suggest a class of estimators of population mean Y in the presence of non-response when X is unknown, as 
Under the above assumption, the equation (3.1) 
Taking expectation of both the sides of equation (3.2), we get the bias of * * t y up to the first order of approximation as
The MSE of * * t y up to the first order of approximation can be obtained by the following expression 
Optimum Values of


and equating the derivatives to zero, we get the normal equations
From equations (3.5) and (3.6), we get the optimum values of
On substituting the optimum values of 
Empirical Study
In the support of theoretical results, some numerical illustrations are given below:
4.1
In this section, we have illustrated the relative efficiency of the estimators 
Data Set 1:
The population considered by Srivastava (1993) is used to give the numerical interpretation of the present study. The population of seventy villages in a Tehsil of India along with their cultivated area (in acres) in 1981 is considered. The cultivated area (in acres) is taken as study variable and the population is assumed to be auxiliary variable. The population parameters are given below: 
Conclusion
The study of a general class of estimators of population mean under non-response has been presented. We have also suggested a class of estimators of population mean in the presence of non-response using two-phase sampling when population mean of auxiliary variable is not known. The optimum property of the suggested class has been discussed. We have compared the optimum estimator with some existing estimators through numerical study. The Tables 1, 2 and 3 represent the percentage relative efficiency of the optimum estimator of suggested class, linear regression estimator and ratio estimator with respect to sample mean estimator. In the above tables, we have observed that the percentage relative efficiency of the optimum estimator is higher than the linear regression and ratio estimators.
It is also observed that the percentage relative efficiency decreases with increase in nonresponse.
